This monographic study presents morphological descriptions of eight species of Padina collected from the Visayas and Mindanao regions of southern Philippines, including distributions of each species and a taxonomic key for all the species examined. Of these species, three are new records for the Philippines, namely: P. fernandeziana Skottsberg and Levring, P. jonesii Tsuda and P. moffittiana Abbott and Huisman. One species, P. antillarum (Kützing) Piccone, represents a new nomenclatural record, which is applied to a Philippine species for the first time. Four species previously reported in the Philippines are reconfirmed and described P. australis Hauck, P. minor Yamada, P. boryana Thivy and P. sanctae-crucis Børgesen. All eight species studied have distromatic thalli, except for P. antillarum which is tetrastromatic. Three of these have indusiate sporangia, namely: P. sanctae-crucis, P. moffittiana and P. fernandeziana.
INTRODUCTION
Species of the marine brown algal genus Padina are widely distributed throughout the tropics and are very easy to recognize in the field. However, infrageneric segregation requires morphological verification at the microscopic level. The "ear-like" blades have a circinnately inrolled apical margin (Womersley 1987; Lee and Kamura 1991; Huisman 2000) , where a row of meristematic cells produces a thallus that is parenchymatous. Its frond typically consists of two or more layers of cells while the stipe is composed of four or more layers. The upper surface is calcified to varying degrees [this is also the side the margin rolls towards, see Trono (1969) ], and the reproductive structures occur in bands on the upper and, sometimes, on the lower surface. Bands of phaeophycean hairs can also occur. The location and arrangement of the bands of reproductive structures and hairs are among the defining characters used in species discrimination, and which are usually associated with reproductive sori composed of antheridia, oogonia or tetrasporangia. These are either surrounded by an indusium or naked depending on the species.
Padina shows an alternation of isomorphic generations, and is isogamous. Unlike many brown algae, Padina forms spores in clusters of four, similar to the patterns seen in red algae. According to the observation of Rengasamy (1990) and Allender (1977) , the sporophytic phase is considerably more common than the gametophytic phase with as much as 86% sporophytes against 14% gametophytes in the field. The predominance of diploid sporophytes may be explained partly by tetraspore formation by apomeiosis as documented by Gaillard (1972) .
Padina is the only genus of brown algae that is calcified (Allender and Kraft 1983; Fletcher 1987; Huisman 2000) until another calcified genus Newhousia was described by Kraft et al. (2004) from the reefs of Hawaii. In the erect to recumbent fan-like fronds of Padina, calcium carbonate in the form of aragonite is precipitated within the circinate apical portions and deposited as needles on either or both surface and noncrystalline blocks on the proximal dorsal surfaces (Miyata et al. 1977, Figs 3, 4) .
There are about 50 taxa of Padina worldwide, although most are poorly known and many would prove to be synonymous (Lee and Kamura 1991) . According to Guiry and Dhonncha (2003) , only 30 of these are currently accepted. In the Philippines, 12 species have been documented by Silva et al. (1987) . Most of these Philippine records are based on morphological examinations most likely based on a few characters which might be variable. Silva et al. (1987) did not verify any of these previous records through actual specimen examination, except to update the nomenclature using currently accepted names. Since the publication of the catalogue of Silva et al. (1987) , it has been 18 years and there is a clear need to re-examine the various records in the light of recent taxonomic and nomenclatural developments.
Moreover, with the growing use of Padina species for heavy metal biosorption in the case of P. pavonica (Linnaeus) Thivy (Raize 2003) and for environmental remediation like P. boergesenii Allender and Kraft (Dulymamode et al. 2001) , it is becoming very important to study its taxonomy as different species may have different physico-chemical composition that will in turn affect their physiological performance. For a technology deficient country like the Philippines, naturallyoccurring seaweeds like Padina could be employed as a possible environmental bioindicator in place of expensive technology not available within the country. Thus, it is necessary to conduct a more thorough study of the Philippine species using currently accepted taxonomic characters in order to provide and update baseline information. A sound and stable taxonomic knowledge of the various species will provide the framework against which its economic utilization can be determined.
MATERIALS AND METHODS
Specimens were collected from different intertidal locations in the Visayas and Mindanao, including few locations in Luzon, Philippines. Standard collecting and preserving procedures follow those of Tsuda and Abbott (1985) . One set of specimens was placed in a plastic bottle or bag with 5% formalin/seawater solution. Another set of specimens were pressed as herbarium samples. All collected specimens were deposited in the USC Biology Department herbarium for safekeeping.
Permanent transverse and longitudianl sections of important structures (Figs 2, 3 ; sporangia, gametangia, sterile thallus parts, and the base of the thallus) were made of every species. The set of specimens preserved in formalin was used. However, in cases where only dried herbarium material was available, small thallus fragment were rehydrated in a detergent solution for several weeks. Prior to dehydration the thallus was stained overnight in a Petri dish using Safranin plant stain. Small pieces of thallus were dehydrated in alcohol using 10-20% increments (30%, 50%, 70%, 85%, and 95%) for at least 5 hs, Before the last two alcohol steps, the thallus was counterstained with Fast-green stain for 1 min. 3. Sporangial sori only on one surface of the frond -------4 4. Fertile zones occurring alternately among interpilar
6. Sporangia found only on inner surface of the frond
minor 6. Sporangia found only on outer surface of the frond ---7 7. Phaeophycean hairs located on both surfaces Table 1 Description: The plant measures (5.9-) 6.58 (-7. 3) cm, broadly flabellate with a stupose holdfast, lightly calcified on both surfaces of the thallus especially at stipe. Longitudinal section shows the plant is composed of 3-4 cell layer on the apical to middle portion of the thallus. Apical cell measures (40- The stipe has up to 7 cell layer. The plant is zonate with interpilar spaces measuring (1-) 1.8 (-2) mm apart, reproductive zones successive, and to be found on both outer and inner surfaces of the thallus. Tetrasporangia in sori without indusium, in concentric rows, girdling the phaeophycean hairlines, oval to spherical shape measuring (80-) 98.0 (-120) µm in height and (50-) 68.0 (-80) µm in diameter. Phaeophycean hairs alternate on both surfaces of the thallus in concentric rows, with outer cortical origin of growth. The plant grows in deeper sublittoral region (5-10 meters deep), attached on sands or rocks and corals. Sexual plant is unknown. Discussion: Padina antillarum is traditionally known as P. tetrastromatica Hauck, which was recently designated as a synonym to this species (Wynne and DeClerck 1999) . This species has 3-4 cell layers, and the most distinguishing characteristic of this species are tetrasporangia girdling the hairline. This species is similar to P. distromatica Hauck but is different due to the number of cell layers. This species is often confused with the latter since most descriptions do not include longitudinal sections and depend only on ocular description. Padina antillarum is distinctly four-cell layered while P. distromatica is always two-cell layered.
Padina moffittiana Abbott and Huisman (2003: 174-175, figs 1-5)
Figs 1-E, 2-G, Table 1 Description: The entire plant measures to (7.8-) 8.5 (-9.5) cm in height, broadly flabellate with a stupose holdfast, sufficiently calcified on both surfaces of the thallus, stipe with stiff, dark, rust-color fibrous hairs. Longitudinal section shows the plant is composed of 2 cell layer all throughout. Apical cell measures (23.4-) 32.5 (-39) µm in height, (39-) 42.38 (-49.4 Discussion: Some 32 species are credited to Padina (Wynne 1998) , of which 18 species are multistratose (greater than two cells thick, at least at the base) and therefore unlike the bistratose P. moffittiana. The remaining 14 species are bistratose throughout. The distinctive characteristic of this species is having tetrasporangia on the inner surface of the thallus (Abbott and Huisman, 2003) . This is a deep water species, with rust colored fibrous hairs on the stipe. The type specimen of this species is from Hawaii, which makes it likely for this species to be found in the Philippines since most of the marine floras from Hawaii are also encountered in the Philippines. This species is reported for the first time from Philippine waters.
The presence of Padina moffittiana in Philippine waters is not entirely surprising. The absence of any large land mass in the Pacific Ocean, specifically in the area between the Hawaiian Islands and the Philippines, allows long-distance dispersal of marine species to occur. Oceanic currents are responsible for such dispersal. Silva (1992) noted that endemism among Hawaiian seaweeds is relatively low compared to Hawaiian flowering plants. The marine flora of the Philippines and Hawaii share many common elements. Abbott and Huisman (2003) reported P. sanctae-crucis Børgesen and P. boryana Thivy as new records from Hawaii. These two species are also reported in the present Philippine study. The occurrence of P. moffittiana, first described from Hawaii, in the Philippines is therefore not unexpected. Tsuda (1972: 98, pl. 5, fig. 8 Discussion: According to Tseng (1984) one of the distinguishing features of Padina jonesii is having a rusted colored fibrous hair on the stipe, which Abbott and Huisman (2003) overlooked. Tsuda (1972) , in describing this species for the first time, commented on the prostrate nature of this species. This characteristic was however not observed in this study. The type specimen of this species is from Guam. Considering the close distance of Guam, it is logical to find this species in the Philippines, since most of the marine flora in Guam are also found in the Philippines (Tsuda 1972 (-54.6 ) µm in length. The plant is zonate with interpilar spaces measuring (3-) 3.2 (-4) mm apart, fertile zones successive and to be found on the outer surface of the thallus. Tetrasporangia in sori with a distinct indusium, in concentric rows, club shape to oval measuring (72.8-) 79.04 (-88.4) µm in height and (49.4-) 52.52 (-57.2) µm in diameter. Phaeophycean hairs alternate on both surfaces of the thallus in concentric rows, with outer cortical origin of growth. The plant grows in deeper sublittoral region (6-12 meters deep), attached on sands or rocks and coral heads. Sexual plant is unknown.
Padina jonesii
Type locality: Juan Fernandez Islands, Chile Specimens examined: Visayas: PAP19, San Remigio, Cebu, Apr. 12, 2004, Geraldino et al.; CEBU16122, Guiwanon, Compostela, Cebu, Aug. 17, 2004, Liao & Suzara; PAP20, Portofino, Maribago, Cebu, Mar. 1, 2004, Geraldino et al.; PAP50, Panglao Island, Bohol, Dec. 17, 2003, Geraldino et al.;  Discussion: Padina fernandiziana is a deep-water species as this was first collected from 40 m deep. Likewise in the present materials studied, these specimens were collected from 6-12 m deep. One of the distinguishing characteristic of this species is the presence of rust-color fibrous hairs. This character is shared with P. moffittiana and P. jonesii. Padina fernandeziana can be distinguished from P. moffittiana by the presence of sporangia on the outer surface whereas P. moffittiana has sporangia on both surfaces. Padina fernandeziana can be distinguished from P. jonesii by the fertile zones occurring successively among interpilar spaces whereas P. jonesii has fertile zones occurring alternately among interpilar spaces. This species is reported for the first time from Philippine waters.
The type specimen of this species is from the Juan Fernandez Islands, about 600 km west of continental Chile in South America. The present report is a significant range extension to the western side of the Pacific Ocean, spanning a distance of about 10,000 miles. The Peru Current from the south region of western South America sweeps past the Juan Fernandez Islands and brings propagules to the equator, which in turn may be dispersed farther west by equatorial currents (Silva 1962) . Oceanic islands off the coast of South America like the Juan Fernandez Islands exhibit high endemism of marine algae estimated at 32% (Santelices 1980) . Notwithstanding this unique feature, many species from Juan Fernandez Islands (Levring 1942) are also found in other tropical localities like the brown algae Colpomenia sinuosa (Roth) Derbes and Solier and Hydroclathrus clathratus (Bory) Howe. How the propagules of these species are dispersed from the Juan Fernandez Islands to warmer seas may be explained by long dispersal of spores by ocean currents. Santelices (1992) accounted for many widely distributed species occurring in the Juan Fernandez Islands (45% of total species) as having been dispersed across the Pacific most probably via El Nino or Southern Oscillation (ENSO).
Padina sanctae-crucis Børgesen (1914: 45-46, figs 27, 28)
Figs 1-A, 2-C, Table 1 Description: The entire plant measures (5.0-) 5.72 (-6.2) cm, broadly flabellate with a stupose holdfast, membranous fronds, thallus splits into segments, heavily calcified on both surfaces of the thallus especially at stipe, light-brown in color when live and dried specimen appears whitish with dark brown rings. Longitudinal section shows the plant is composed of 2 cell layer all throughout. Apical cell measures (26-) 31.98 (-36.4 The plant is zonate with interpilar spaces measuring (2-) 3.4 (-4) mm apart, fertile zones alternate from the upper part on every two rows of hairs of the thallus towards the stipe, and to be found only on the outer surface of the thallus. Tetrasporangia in sori with prominent indusium, in concentric rows, club shape to oval measuring (67.6-) 84.24 (109.2) µm in height and (49.4-) 67.08 (-91) µm in diameter. Phaeophycean hairs alternate on both surfaces of the thallus in concentric rows, with outer cortical origin of growth. The plant grows in upper sublittoral region (1-4 m deep), attached on sands or rocks and corals heads, sometimes seen epiphytic on other macroalgae. Sexual plant is unknown.
Type locality: St. Croix, Virgin Islands Specimens examined: Visayas: PNH154987, Angol,that Padina sanctae-crucis is one of the more heavily calcified species of Padina. The same observation was made in this study. Among species of Padina, this species is widely distributed. This species can be found in the Atlantic and the Mediterranean as well as throughout the Indo-Pacific region. This species therefore extends from tropical to subtemperate waters. According to Taylor (1960: 237) , Dictyerpa jamaicensis Collins (1901: 251; type locality: Manchioneal, Jamaica) "is a growth stage of a Padina, perhaps of various species, but certainly of this one (P. sanctae-crucis)". On the basis of this statement, Papenfuss (1977: 272) made the combination P. jamaicensis (Collins) Papenfuss. Most specimens of this kind in the Philippines have always been mistakenly referred to as P. japonica Yamada. This latter species is now regarded as a synonym to P. sanctaecrucis Børgesen by Gaillard (1975) who has shown that P. japonica and probably P. haitiensis Thivy are not distinct from P. sanctae-crucis plants from Western Australian identified as P. japonica agree well with this species. The sporangial sori are confined to the lower surface of the thallus, with a slightly distinct indusium, and when the hair lines on both surfaces are viewed, the sporangia are in fertile zones which alternate with sterile zones. The plant is zonate with interpilar spaces measuring 3 mm apart, fertile zones successive and to be found only on the inner surface of the thallus, and having an equidistant hairlines or sterile line is a distinguishing feature of this plant. Tetrasporangia in sori without indusium, in concentric rows, club shape to oval measuring (72.8-) 91 (-137.8 ) µm in height and (52-) 77.74 (-117) µm in diameter. Phaeophycean hairs alternate on both surfaces of the thallus in concentric rows, with outer cortical origin of growth. The plant grows in shallow sublittoral region (2-5 meters deep), attached on sands or rocks and corals, and sometimes seen epiphytic on other macroalgae. Sexual plant is unknown.
Padina minor
Type locality: Garan-bi (Cape O-luan), Taiwanaustralis. This conclusion was drawn probably due to misidentification of samples. The species name is always mistakenly applied to plants that are small or young and not fertile, despite the fact that it is almost impossible to distinguish species at that juvenile stage. One of the distinct characteristics of this species is that reproductive structures are to be found only on the inner surface. This characteristic is often overlooked by collectors and hence, specimens have been named erroneously. zonate with interpilar spaces measuring (2-) 3 (-4) mm apart, fertile zones alternate and appear wider mostly from the middle part of the thallus towards the stipe, and to be found only on the outer surface of the thallus. Tetrasporangia in sori without indusium, in concentric rows, club shape to oval measuring (72.8-) 104 (-127.4) µm in height and (57.2-) 73.84 (-93.6) µm in diameter.
Phaeophycean hairs alternate on both surfaces of the thallus in concentric rows, with outer cortical origin of growth. The plant grows in deeper sublittoral region (5-10 m deep), attached on sands or rocks and corals, and sometimes seen epiphytic on other macroalgae. Sexual plant is unknown.
Type locality: Cape York, Queensland, Australia that Padina australis is common in tidepools and on reef flats attached to solid substrates by discoid holdfast, and are relatively large. This species thrives mainly in tropical and subtropical waters as no records of this species can be found in temperate waters. Womersley and Bailey (1970) refer to this plant as a rough water species. They often considered it a variety of P. gymnospora, best known from the western Atlantic [erroneously cited as eastern Atlantic by Egerod (1974) ]. However, it is recognized as distinct by Taylor (1966) , Egerod (1974) and others. Taylor (1966: 355 -356, fig. 2 ) Figs 1-G, 2-B, Table 1 Description: The entire plant measures (4.9-) 5.82 (-6.7) cm, broadly flabellate with a prostrate rhizoid forming holdfast, sufficiently calcified on the inner surfaces of the thallus especially at stipe and lightly calcified on the outer surface of the thallus. Longitudinal section shows the plant is composed of 2 cell layer all throughout. (-54.6 ) µm in length. The stipe is composed of more than 2 cell layer. The plant is zonate with interpilar spaces measuring (2-) 2.2 (-2.5) mm apart, fertile zones successive and to be found only on the outer surface of the thallus. Tetrasporangia in sori without indusium, in linear concentric rows, club shape to oval measuring (59.8-) 86.84 (-101.4) µm in height and (67.6-) 74.88 (-83 .2) µm in diameter. Phaeophycean hairs alternate only on outer surface of the thallus. P. commersonii Bory de SaintVincent [1828 SaintVincent [ (1826 SaintVincent [ -1829 : 144], a name that traditionally has been applied to the present species, is an illegitimate substitute for P. tenuis (C. Agardh) Bory de Saint-Vincent (1827:590), whose basionym, Zonaria pavonica var. tenuis C. Agardh (1824:264), has been shown by Papenfuss (1977:277) to be referable to Lobophora variegata (Lamouroux) Womersley ex Oliveira. The material that Bory de Saint-Vincent had in hand was incorporated in to a new species, P. boryana, by Thivy (in Taylor 1966) .
Padina boryana Thivy in

